In recent years, China's mutual fund market has grown exponentially. With hundreds of new funds introduced into the market each year, an essential question to ask is whether this voluminous growth promotes funds' efficiency, as funds compete for investment. To overcome the drawbacks of traditional portfolio performance metrics, this study utilizes a non-parametric model, data envelopment analysis (DEA), to assess the relative efficiency of equity and hybrid funds for 2016-2018. The empirical results show that despite the development in the fund industry, only a small portion of the funds are fully efficient. While efficiency improvement is observed in equity funds, the efficiency in hybrid funds actually deteriorates. On average, equity funds are more efficient and persistent in performance than hybrid funds. The empirical results also indicate that the primary areas of inefficiency are downside risk management and fund fee structures. For hybrid funds, fund size is also related to efficiency performance. The findings of this study offer implications for how to strengthen the development and stability of the Chinese mutual fund market.
INTRODUCTION
Mutual funds are an important investment vehicle in the financial market. By pooling funds from many investors, mutual funds invest in selected assets in accordance with the objectives of the funds. The benefits that mutual funds offer are professional management and more diversified asset allocations, which investors would not necessarily achieve by purchasing assets themselves. In return for the service received, investors are charged various fees by the mutual funds. While mutual funds are an attractive investment channel, a potential agency problem arises between fund investors who, on the one hand, wish to maximize their portfolio returns, and fund managers who, on the other hand, seek to maximize their compensation, which depends on other metrics. Therefore, assessing the efficiency of mutual fund performance is a vital issue facing investors.
In recent years, the financial market in China has attracted increasing attention, partly due to the country's emerging role in global economic growth and partly due to the gradual opening of its financial market, which offers foreign investors opportunities that were not previously feasible. Like the history of its equity market, the history of China's mutual fund market is comparatively short, with 2018 marking its 20th anniversary. Over the course of these 20 years, the mutual fund industry went through several development phases. In the earlier years (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ), the intensive regulation of the industry resulted in sluggish growth in the number and size of the funds (Chaw, 2017) . In 2009, the industry was deregulated in an attempt to stimulate the market's development, and in 2012, the Asset Management Association of China (AMAC) was established as a self-regulatory organization subject to the supervision of the China Securities Regulatory Commission (CSRC). In 2013, the revised Securities Investment Fund Law was implemented, reinforcing the legal framework of the industry. Following the explosive growth of the equity market in 2013-2015 and the relaxing of the establishment requirements of the new funds, the Chinese mutual fund industry has witnessed a widespread increase in the number of new funds introduced into the market since 2015.
The objective of this study is to examine whether the rapid growth in the Chinese mutual fund market leads to higher efficiency in funds, as more funds compete for investors. The hypothesis is that for an emerging market such as the Chinese mutual fund market, fast growth in the number of new entrants in the industry may not lead to higher efficiency for pre-existing funds in the market. Instead, the stronger competition could encourage those pre-existing funds to take excessive risks to stay competitive, ultimately deteriorating their efficiency. In this study, the efficiency of Chinese equity and hybrid funds during 2016-2018 is analyzed using data envelopment analysis (DEA), which was introduced by Charnes, Cooper, and Rhodes (1978) and revised by Banker, Charnes, and Cooper (1984) . As noted by Murthi, Choi, and Desai (1997) , traditional portfolio performance measures, such as Jensen's alpha (Jensen, 1968 ) and the Sharpe ratio (Sharpe, 1966) , not only are sensitive to the choice of benchmarking, but also fail to consider the transaction costs and expenses that investors incur in mutual fund investment. Since the DEA framework is capable of resolving the challenges faced by traditional measures and pointing out potential areas for further improvement, it has become a leading approach for evaluating mutual fund performance (Basso & Funari, 2016) . To further investigate the determinants of inefficiency, a censored Tobit regression proposed by Sueyoshi, Goto, and Omi (2010) is used to provide a thorough analysis.
The remainder of this paper is organized as follows. Section 1 presents the background of the Chinese mutual fund market. Section 2 reviews the literature on the application of DEA models in mutual fund assessment. Section 3 describes the data and the empirical models. Section 4 discusses the empirical findings, and the final section concludes the study.
BACKGROUND OF THE CHINESE MUTUAL FUND MARKET
Since the establishment of the Shanghai Stock Exchange and the Shenzhen Stock Exchange in the early 1990s, the Chinese capital market has been growing at a very fast pace. iifa.ca/index.html, numbers were reported in US dollars, and the funds of funds were excluded), the 8th largest in the world. Figure 1 shows the growth in the number of open-end funds in the Chinese mutual fund industry, and Figure 2 illustrates the increase in total net assets over the years. Clearly, the development of the market has accelerated in recent years. Investors' investment preferences along with the lack of confidence in the industry warrant the attention of the authorities.
LITERATURE REVIEW
Murthi, Choi, and Desai (1997) pioneered the integration of the DEA approach into the evaluation of mutual funds and portfolio performance. They argued that the DEA approach resolves the issue of identifying the proper benchmarking, a weakness of the traditional approach, and incorporates transaction costs and fees in the input-output framework. Furthermore, the ability of DEA to rank funds by relative efficiency and to describe inefficient areas helps fund managers identify areas for future improvement.
In studies using DEA to assess mutual fund performance, costs and risks are often denoted as inputs, and returns and performance indices are treated as outputs. funds, most funds exhibited increasing returns to scale. Additionally, while most funds were able to maintain mean-variance efficiency, they failed to show efficiency in resource allocation.
Galagedera and Silvapulle (2002) investigated the relative efficiency of 257 Australian mutual funds through the use of input-oriented BCC models and various input-output combinations. Their findings revealed that risk-averse funds with high positive net flow assets demonstrated higher overall technical and scale efficiencies. Using the input-oriented BCC model, the results from Sengupta (2003) illustrated that up to 75% of the US funds studied were mean-variance efficient, and that among the efficient funds, the technology funds presented second-order stochastic dominance over the income and growth funds. Additionally, investors were found to have a preference for skewness. Chen and Lin (2006) demonstrated that incorporating risk measures such as value-at-risk (VaR) and conditional value-at-risk (CVaR) as inputs into the existing DEA models contributed to a better evaluation of fund performance.
Alexakis and Tsolas (2011) studied equity fund performance in Greece using an input-oriented BCC approach and found that while efficient funds represented a small proportion of the sample examined, the average efficiency increased over time. Chen, Chiu, and Li (2011) examined the performance of balanced and equity funds in Taiwan using system BCC and BCC models in the DEA family. Their results showed that the average efficiency of the balanced funds was higher than that of the equity funds and that categorizing equity and hybrid funds into different groups is important for avoiding estimation errors. Zhao, Wang, and Lai (2011) adopted quadratic-constrained DEA models to analyze mutual fund performance in China and noted that most funds did not exhibit persistence in their efficiency ranking. Moreover, the authors highlighted the significant influence of system risk control on funds' efficiency over time. Babalos, Caporale, and Philippas (2012) evaluated the change in the productivity of Greek equity funds over time using the DEA-based Malmquist index. Their findings revealed that the funds suffered significant efficiency loss during [2003] [2004] [2005] [2006] [2007] [2008] [2009] and that there was a negative relationship between funds' size and the probability of being efficient. Makni, Benouda, and Delhoumi (2015) performed a DEA on Islamic equity funds and observed an overall improvement in the funds from 2002 to 2007. Specifically, the mean efficiency scores during the recession periods were higher than those during the expansion periods, indicating the unique ability of such funds to cope with market turbulence. Gardijan and Krišto (2017) analyzed the relative efficiency of mutual funds in Croatia using the DEA approach and found that the efficiency of the funds varied across pre-crisis, during-crisis, and post-crisis periods and that money market funds were the most efficient type of funds in Croatia.
To further investigate the source of inefficiency in mutual fund performance, in recent years, some studies have adopted a sophisticated version of the DEA framework to conduct fund appraisal. For example, Premachandra, Zhu, Watson, and Galagedera (2012) studied the performance of US mutual fund families using an innovative two-stage DEA model that decomposes overall efficiency into two components: operational management efficiency and portfolio management efficiency. This decomposition allows multiple performance measures, such as risk measures, returns, fees, investment style, and operational and portfolio management skills, to enter the evaluation process at different timings, thus, yielding comprehensive insights regarding the performance of the fund families and identifying which of the two stages plays a determinant role in drawing conclusions of good or bad performance. To allow more flexibility in the output generation process, Galagedera, Watson, Premachandra, and Chen (2016) proposed a two-stage DEA model with leakage variables to assess the performance of US mutual fund families. According to their definition, leakage variables are output variables from the first stage that leave the system without going back to the second stage of the evaluation. Considering the total cash flow to investors (TCF) as the leakage variable, Galagedera et al. (2016) suggest that small fund families are more likely to deliver better performance than large fund families. To gain better insights regarding US equity mutual funds, Galagedera, Roshdi, Fukuyama, and Zhu (2018) advanced the two-stage DEA model into a threestage DEA setting, where mutual fund evaluation becomes a procedure consisting of three stages: operational management, resource management, and portfolio management processes. Therefore, not only overall fund performance, but also the efficiency of each of the three stages can be identified to reason the resulting performance.
In summary, while the choices of input and output variables and the modeling in assessing mutual fund performance using the DEA approach are similar, empirical studies have also pointed out that factors that impact the performance of each mutual fund market vary and are unique to the individual markets. While many existing studies have focused on the fund markets in developed economies, studies concerning emerging markets such as the Chinese mutual fund market are still limited due to data availability and the transparency of information disclosure, making the results of this study valuable to those who are interested in exploring the dynamics of the Chinese fund industry.
METHODOLOGIES AND DATA

Data envelopment analysis
Data envelopment analysis (DEA), proposed by Charnes, Cooper, and Rhodes (1978) , is a linear data-driven optimization process for evaluating the efficiency of a group of peer entities called decision making units (DMUs), which have common inputs and outputs. DEA constructs a non-parametric piecewise efficient frontier based on the efficient DMUs in the reference group and measures the relative efficiency of each DMU according to its distance from the frontier. The efficiency score of each DMU is between zero and one, with one representing efficient (on the efficient frontier) and less than one inefficient. In fact, the DEA process calibrates a DMU's ability to convert multiple inputs into outputs. In the DEA framework, there are two forms of representations: input-oriented and output-oriented. The input-oriented measure focuses on reaching DEA efficiency by proportionally reducing the inputs while maintaining the same desired output levels. The output-oriented measure seeks to obtain DEA efficiency by expanding the level of outputs while keeping the same level of inputs (Alexakis & Tsolas, 2011 In the context of mutual fund appraisal, each fund is denoted as DMU. Since the empirical results from DEA are sensitive to the choices of inputs and outputs defined in the model, the common practice is to select the variables based on theory. According to Tokic (2012) , the selection of inputs and outputs in the DEA framework typically follows the concepts illustrated in Markowitz's risk-return model, and the input-oriented DEA with variable returns to scale is generally chosen to rank competing funds. Therefore, common input choices may include various risk variables, costs, and specific attributes that may contribute to fund performance, while the outputs usually contain variables related to returns or indices for portfolio performance. Following the convention, in the present paper, a BCC input-oriented DEA model was adopted to assess fund performance. The input-oriented version of DEA was chosen, because the levels of fees and the riskiness of investments are manageable, making resource conservation feasible for fund managers, while the returns of the funds are sometimes subject to a greater complexity that may not always be under managers' control. The inputs included are (1) variables that describe costs: the subscription fee, redemption fee, and expense ratio; and (2) variables that calibrate the riskiness of investments: the annualized standard deviation of the return and the 1-year CVaR at the 95% confidence level. CVaR, introduced by Rockafellar and Uryasev (2000) , is a measure of downside risk that is calculated by the weighted average of the worst-case scenarios at a specified confidence interval during the predefined period. As suggested in Chen and Lin (2006) , combining a CVaR with other conventional risk measures can lead to a better assessment of fund performance. Thus, the standard deviation and CVaR are the risk measures considered in this study to provide a thorough investigation of the impacts of volatility and downside risk on a fund's efficiency. The output of the study is the 1-year fund return.
The impact of fund size
To investigate whether the size of a fund plays a role in determining its efficiency, this study adopts the 
Data
The data studied are Chinese domestic open-end equity and hybrid funds. The period investigated spans from 2016 to 2018, a period during which the fund market was rapidly expanding. Since the objective of this study is to investigate whether the efficiency of existing funds is improved as a result of the rapid growth in the number of new funds offered on the market, for a fund to be included in the sample, it needs to have been established and to have had its first net asset value (NAV) available before the end of 2015 to ensure that the fund has its annual return data available for analysis starting in 2016. For equity funds, only those maintaining an equity ratio of at least 60% are considered. Funds with missing data are excluded. To minimize the possibility of survivorship bias, funds that meet the criteria specified above are included even if they ceased operation after the sample period. In total, as of the end of 2016, 1,317 funds meet the criteria, of which 146 are equity funds and 1,171 are hybrid funds. These same 1,317 funds are analyzed for three consecutive years to observe the improvement or deterioration in relative efficiency over time. The funds' data were retrieved from the Taiwan Economic Journal, a financial data provider specializing in emerging Asian markets. Table 1 provides the descriptive statistics of the funds investigated. The Chinese equity market performed poorly in 2016 and 2018. As a result, the average returns for equity and hybrid funds were negatively impacted, and the 2016-2018 period ended with an average annual return of -7.10% for equity funds and -4.67% for hybrid funds. According to Table 1 , the average ages are 3.39 years for equity funds and 5.61 years for hybrid funds. In general, equity funds have larger average total assets, higher transaction costs in terms of subscription and redemption fees, a higher expense ratio, and higher riskiness, as captured by the standard deviation and CVaR of the return, than hybrid funds. Thus, equity funds will not only see higher volatility in the return, but also anticipate a greater expected loss. Table 2 reports the summary results of the relative efficiency of the funds studied. The average efficiency score for equity funds rose from 0.6882 in 2016 to 0.8307 in 2018, indicating improvement in overall efficiency despite the fluctuations in the Chinese equity market in 2018. The number of efficient funds increased from 8 in 2016 In summary, only a small portion of equity and hybrid funds obtained perfect DEA efficiency during the period analyzed. The rapid expansion of China's mutual fund market in 2016-2018 did not lead to a significant improvement in the number of perfectly efficient funds among the pre-existing funds. Such a high inefficiency rate explains why only approximately 38.9% of fund investors expressed confidence in mutual fund investing, as discussed in the earlier section. As the authorities continue to encourage the establishment of new funds to serve various investment objectives, including retirement savings, how to obtain a balance between the quantity and quality of funds that best sustains the healthy growth of the industry is a question that the authorities need to address.
EMPIRICAL RESULTS
Results
Slack analysis
One of the advantages of adopting the DEA model is that, for each DMU, the model not only produces an efficiency score, but also illustrates the areas of inefficiency by means of the slack value for each input variable. According to the definition in DEA, slack variables, refer to the difference between the projected target input and output values and the DMU's current values (Babalos et al., 2012) . Since a DMU is said to be 100% efficient if Note: Q1 and Q3 refer to the first and third quartiles, respectively. Table 4 , where Panel A reports the absolute mean slacks and Panel B provides the relative mean slacks, calculated as the absolute mean slack of an input divided by the mean of the input.
According to Table 4 , equity funds have a large relative slack in redemption fees, and regarding hybrid funds, the subscription fee is the major area for improvement to progress toward the efficient frontier. Since both subscription and redemption fees are transaction costs, the empirical results suggest the need to revisit the fee structure for both types of funds to achieve higher efficiency. Additionally, given that both types of funds have very little mean absolute slacks in the expense ratio, the empirical results reveal that the current expense ratio levels are well utilized.
Notably, the absolute slacks for the risk measures of equity and hybrid funds, as captured by the standard deviation and CVaR, are nonzero, indicating that these mutual funds are not mean-variance efficient. Specifically, downside risk management warrants special attention, because the relative mean slacks for the CVaR are the second largest slack for both types of funds. This result provides support for the hypothesis that excessive risk-taking is partly responsible for the funds' inefficiency during the period studied. Table 5 reports the results of the censored Tobit regression. The empirical results confirm the findings in the previous slack analysis, i.e., that the downside risk and the fees are positively correlated to the inefficiency of equity and hybrid funds. Regarding the impact of fund size, the results indicate that for hybrid funds, fund size and the inefficiency score are negatively related, highlighting the importance of obtaining the scale effect for hybrid funds. This result is consistent with the ar- Notes: The dependent variable in this regression is the inefficiency score described in Section 3.2. The size variable is the logarithm of funds' total assets. Transaction costs are the combination of subscription and redemption fees. * indicates significance at the 1% level.
The size of the fund
gument in Li and Lin (2011) that in the Chinese fund market, large funds outperform small and medium-sized funds. During the sample period, hybrid funds saw a 40% increase in the number of funds, but a deterioration in their average efficiency. Therefore, identifying ways to expand the size of individual hybrid funds is important for fund managers who seek to enhance their funds' efficiency. On the other hand, the influence of fund size on equity funds' efficiency is nonsignificant.
CONCLUSION
In recent years, the Chinese mutual fund market has expanded at a tremendous pace. Investors' desire to seek more investment opportunities coupled with the relaxing of regulations for fund establishment has led to hundreds of new funds offered on the market each year. Facing a manifold number of funds, investors need to know whether the fast expansion in the number of new funds offered on the fund market leads to an improvement in funds' efficiency.
Due to the difficulties in mutual fund appraisal that traditional methods encounter, this study adopts an alternative non-parametric input-oriented DEA model to investigate the efficiency of funds. The empirical results show that during the period investigated, only a small portion of equity and hybrid funds were DEA-efficient. The rapid growth in the fund market did not lead to a significant increase in the number of perfectly efficient funds. On average, equity funds were more efficient and persistent in performance than hybrid funds. Fund size also contributes to the efficiency performance of hybrid funds. However, neither type of fund is mean-variance efficient, as illustrated in the slack analysis. While the consensus is that competition may bring higher efficiency, in the case of this study, higher competition may instead encourage fund managers to take excessive risks and, consequently, make funds less efficient. Excessive risk-taking, as measured by CVaR, and fee structures are the primary areas for improvement to enhance funds' efficiency in order to sustain the long-term growth of the industry and win over investors' confidence in future investing.
